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ABSTRACT

ÖZET

PURPOSE: This study aims to determine the clinical value of some
laboratory markers(D- dimer, Fibrinogen, etc levels) as alternatives to
expensive and sometimes unavailable advanced radiographic techniques,
in differentiation and early diagnosis of hemorrhagic and ischemic stroke
which require distinct diagnosis, monitoring and treatment methods.

AMAÇ: Bu çalışma tanı, takip ve tedavisi farklı olan iskemik ve hemorajik
strokların ayrımında ve erken tanısında pahalı ve her zaman elde bulunmayan
ileri radyolojik görüntüleme teknikleri yerine laboratuarda bakılabilen bazı
belirteçlerin (D-dimer, Fibrinojen vb) değerlerliliğini tespit etmek amacıyla
yapılmıştır.

MATERIALS AND METHODS: The study includes 100 adult patients
who applied to Emergency Department of Uludag University with clinical
symptoms of stroke. At presentation on all of the patients and D-dimer,
fibrinogen and other laboratory tests were studied. For differentiation of
hemorrhagic and ischemic stroke, computerized tomography(CT) and
magnetic resonance imaging(MRI) were taken. CT and MRI detections were
assessed by radiology specialists blindly.

YÖNTEM-GEREÇLER: Uludağ Üniversitesi Acil Servisine strok
kliniğiyle başvuran 18 yaş üstü 100 erişkin hasta çalışmaya dahil edilmiştir.
Tüm hastalardan başvuru anında D-dimer, Fibrinojen ve diğer laboratuar
tetkikleri istenmiştir. Çalışmaya alınan hastalarda hemorajik ve iskemik
strok ayrımı için, kranial kompüterize Tomografi (CT) ve kranial Manyetik
Rezonans Görüntüleme (MR) çekilmiştir. CT ve MR tetkikleri uzman
radyologlar tarafından kör olarak değerlendirilmiştir.

FINDINGS: Of 100 patients included in the study, 53% were women and
47% were men. In 28% of the patients, ischemic stroke, in 21%, hemorrhagic
stroke and in 48%, transient ischemic attack (TIA) was detected, while
remaining 3% were assessed as normal. Average age of patients with
ischemic stroke was found higher than that of patients with hemorrhagic
stroke. No significant difference was observed when patients were grouped
by sexes. Coagulation markers, D-dimer and aPTT were significantly
different between hemorrhagic stroke and TIA groups while no significant
difference was observed between ischemic and hemorrhagic stroke groups.

BULGULAR: Çalışmaya alınan 100 hastanın %53’ü kadın ve %47’si
erkekti. %28 olguda iskemik strok, %21 olguda hemorajik strok, %48 olguda
geçici iskemik atak (GİA) saptanmış olup, kalan %3 olgu ise, normal olarak
değerlendirildi. İskemik stroklu olguların yaş ortalaması anlamlı olarak
kanamalı olgulardan daha yüksek saptandı. Cinsiyete göre bakıldığında ise,
her iki grup arasında anlamlı fark saptanmadı. Koagülasyon belirteçlerine
göre ise; hemorajik strok ve GİA grubu arasında D-dimer ve aPTT
değerleri anlamlı farklılık gösterirken, iskemik ve hemorajik strok arasında
istastistiksel olarak anlamlı farklılık saptanmadı.

RESULTS: Ischemic and hemorrhagic strokes cause homeostatic anomalies
besides the brain damage accompanying. In our study, a difference between
hemorrhagic stroke and TIA groups was observed, while no difference
was found between ischemic and hemorrhagic stroke groups regarding
coagulation markers.

SONUÇLAR: İskemik ve hemorajik stroklar beraberinde meydana gelen
beyin hasarından hariç hemostatik anormalliklere de neden olmaktadırlar.
Bizim çalışmamızda hemorajik strok ve GİA grubu arasında koagülasyon
parametreleri açısından fark saptanırken, hemorajik ve iskemik stroklu
olgular arasında ise fark saptanmamıştır.

Key words: Stroke, Transient ischemic attack, Coagulation markers,
Differential diagnosis.
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INTRODUCTION
Acute stroke is one of the major causes of mortality and
morbidity in the whole world. Though it is usually a disease
of older population, 1/3 of the cases are younger than 65 years
(1)
. Especially after age of 55, incidence of stroke increases by
double. Stroke is a real medical emergency and may revert
without permanent damage by early diagnosis and treatment.
Therefore emergency department physicians have an
important role. Twenty per cent of patients with stroke die in
the first year. Stroke imposes high costs due to the diagnosis,
treatment and care of patients (2).
Strokes are classified into two groups: ischemic strokes
resulting from blood vessel blockage that deprives neurons
of oxygen and nutrients and hemorrhagic strokes caused by
rupture of blood vessels due to trauma, intracranial pressure or
mass effect. Ischemic stroke accounts 80 to 85 % of all cases.
Ischemic strokes are further classified in 3 types as, embolic,
thrombotic and hypoperfusion strokes. Most common is
thrombotic stroke and usually develops progressively to reach
to its maximum in minutes and hours and then intensifies.
One fifth of stroke cases are embolic. Hypoperfusion strokes
are less common. Hemorrhagic strokes divide in two major
groups as intracranial and subarachnoid hemorrhages where
intracranial hemorrhages account more of the cases (2, 3).
According to previous studies, impact of the disease lessens
by early diagnosis and treatment of patients presented to
emergency departments with stroke (4).
Presenting to emergency departments with acute stroke is very
widespread. Diagnosis, monitoring and treatment of these
patients is very time consuming and expensive. Currently,
advanced diagnostic methods are employed in diagnosis,
utilizing both laboratory and radiography.
Treatment approaches change with the stroke’s being
hemorrhagic or ischemic. In differential diagnosis, various
radiological detection techniques such as computerized
tomography (CT), angiography CT (CTA) and cranial
magnetic resonance imaging (MRI) are used. Involvement of
these imaging techniques depends on the presence of them,
general state of the patient and indication by the clinician.
Although many studies have been made on their superiority
on each other, most preferred and accessible detection is CT in
our country and in the world. However most of the ischemic
strokes do not appear on CT earlier than 6 hours. Depending
on the size of the infarct, this period may be longer. MRI can
image ischemic strokes earlier than CT and is more efficient
in detection of posterior circulation. On the other hand CT is
superior in imaging hemorrhagic strokes (5‑8).
Mentioned radiologic detections are time consuming, costly
and not available at every medical facility. Therefore, transfer
to a more advanced medical center may be necessary to
accurately diagnose the disease and start the treatment as
soon as possible.
There have been studies on employing some laboratory
markers besides advanced radiologic methods in differential
diagnosis of ischemic and hemorrhagic stroke which have
completely different monitoring and treatment approaches
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, because strokes cause other hemostatic anomalies in
addition to brain damage (12). One of those markers is a fibrin
degradation product that increases with thromboembolic
diseases, namely D‑dimer, analysis of which is not expensive
and can be measured by standard laboratory methods (13).
This study aims to determine the diagnostic value of some
laboratory markers (D‑dimer, Fibrinogen, PT, aPTT, INR,
Thrombocyte levels) as alternatives to expensive and
sometimes unavailable advanced radiographic techniques,
in differentiation and early diagnosis of hemorrhagic and
ischemic stroke which require distinct diagnosis, monitoring
and treatment methods.
(9‑11)

MATERIALS AND METHODS
Hundred adult patients (older than 18) who presented
to Emergency Department of Uludag University with
clinical symptoms of stroke were included in the study. At
presentation electrocardiogram (ECG) were performed for all
the patients and D‑dimer, fibrinogen, complete blood count,
PT, aPTT, INR and other laboratory tests were studied. For
differentiation of hemorrhagic and ischemic stroke, CT and
cranial MRI were taken. CT and MRI detections were assessed
by radiology specialists blindly. All the clinical, radiologic
and laboratorial data was recorded on work forms previously
prepared. The study was supported by Uludag University
Rectorship Scientific Research Projects Committee (01 Dec
2006 / 2006‑4) and was approved by the ethical committee
(decree dated 29 Jun 2004 and numbered 2004‑15/10).
Pregnant patients and patients with infection, malignity,
inflammatory disease, peripheral vessel disease, pulmonary
thromboembolism, recent trauma or operation history
accompanying clinical symptoms of stroke were excluded.
A form prepared prior to the study was filled for patients
admitted to emergency department with suspicion of stroke.
Patient information such as name‑surname, age, sex, protocol
number, arrival date‑time, address and phone number were
filled on this form in addition to accompanying diseases
and vital parameters such as the complaint at presentation,
starting time of the complaints, symptoms, blood pressure
and breath rate per minute. On each patient 12 derivation
ECG was performed and rhythm analysis was conducted.
Glasgow Coma Scale scores (GCS) were computed. Blood
samples were taken from patients for complete blood count,
D‑dimer, fibrinogen (Sysmex® CA‑1500 System), PT, aPTT
and INR measurements. On each patient CT was performed
and cranial diffusion MRI scans were made for patients
with normal tomography. Results of laboratory tests and
radiological imaging were also recorded in the form. Finally,
diagnoses of patients and the outcomes (hospitalization,
discharge, transfer or death) were noted in the form.
Statistical analyses on study data were performed using
SPSS for Windows version 10.0. Results were expressed as
average ± standard deviation. Statistical significance of
differences was evaluated using Pearson’s chi‑square,
Kruskal‑Wallis and Mann‑Whitney U tests. Differences with
p value less than 0.05 were assumed statistically significant.
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RESULTS
Of 100 patients included in the study, 53 % were women and
47 % were men. In 28 % of the patients, ischemic stroke;
in 21 %, hemorrhagic stroke; and in 48%, transient ischemic
attack (TIA) was detected, while remaining 3 % were
assessed as normal. Average age of patients with ischemic
stroke was 67.2 ± 13.1 while in patients with hemorrhagic
strokes it was 57.4 ± 15.4 (Table‑1). Average age of patients
with ischemic stroke was found to be significantly higher than
that of patients with hemorrhagic stroke (p=0.008). Each one
unit increase in age was increasing probability of blockage by
0.5 to 1 %. No significant difference was observed between
ischemic and hemorrhagic stroke incidences according to
Pearson chi‑square test when patients were grouped by sexes
(p>0.05).
Distribution of patients according to GCS was as follows:
74% patients with GCS≥13, 15% with GCS=8‑12 and
11% with GCS≤ 7 (Table‑2). Six of the 15 patients with
GCS=8‑12 had hemorrhagic stroke and the remaining 9 had
ischemic stroke. Eight of the 11 patients with GCS ≤ 7 had
hemorrhagic stroke while only 3 had ischemic stroke. GCS
scores of patients with hemorrhagic stroke were significantly
lower. Fibrinogen levels of 65 of 100 patients included in the
study were found to be high (>3.5 g/L) and of these patients
24.6 % had TIA, 43.1% had ischemic stroke, and 32.3% had
hemorrhagic stroke.
Number of patients with high D‑dimer levels (>375 µg/L)
was 32 and 50% of these were hemorrhagic stroke, 43.8%
were ischemic stroke and 6.2% were TIA. There were 10
patients with high levels of PT (>15 s), aPTT (>31 s) and INR
(>1.2). 10% of these had hemorrhagic stroke, 30% had TIA
and 60% had ischemic stroke (table-3). Number of patients
with low thrombocyte counts (<150 K/µL) was 3 and all of
these had ischemic stroke.
Coagulation markers, D‑dimer and aPTT were significantly
different between hemorrhagic stroke and TIA groups while
no significant difference was observed between ischemic and
hemorrhagic stroke groups regarding coagulation markers.
Univariate and multivariate regression analyses were
performed to determine whether a predictive risk factor could
be identified from blood values, age and sex. No statistical
significance was observed except for age itself (OR=1.051
[1.013‑1.089] 95% confidence interval).
On ECG evaluations, atrial fibrillation (AF) was detected in
15 patients and 85 patients had normal sinus rhythm in ECG.
Of 15 patients with AF, 14 had ischemic stroke and 1 had
TIA. As for the outcomes, 46% of patients were hospitalized,
40% were transferred to another healthcare organization, 13%
were discharged and 1% died in the emergency department.
Table-1: Distribution of stroke types by age groups
%

Mean Age ± SD
(years)

Ischemic stroke

28

67.2 ± 13.1

Hemorrhagic stroke

21

57.4 ± 15.4

Stroke types

40

Table-2: Distribution of patients by Glasgow Coma Scale score (GCS
GCS

%

GCS ≥13

74

GCS=8-12

15

GCS ≤7

11

Table-3: Values of coagulation markers in Hemorrhagic Stroke, Ischemic
Stroke and Transient Ischemic Attack (TIA) groups
Coagulation
markers

D-dimer (>375 µg/L)
Fibrinogen (>3.5 g/L)
PT

/ aPTT / INR

(>15s / >31s / >1.2)

Hemorrhagic
Stroke

Ischemic
Stroke

TIA

Total

n

%

n

%

n

%

16

% 50

14

%43.8

2

%6.2

21

32.3

28

1

%10

6

%43.1
%60

16
3

%24.6
%30

32
65
10

DISCUSSION
Li F and colleagues have found in their study with 35 patients
that the concentrations of D‑dimer, tissue plasminogen
activator (t‑PA), plasminogen activator inhibitor (PAI‑1) and
plasminogen activity (PLG) in cerebrospinal fluid and plasma
in patients with acute cerebral infarction were higher than
those of normal subjects (14). Ageno W and colleagues have
assessed the clinical utility of D‑dimer in the early diagnosis
of stroke subtypes and reported that at day 1, D‑dimer was
higher in cardioembolic patients than in lacunar and control
group patients (15). Similarly, Koch et al. (16), in a study
covering 59 patients with ischemic stroke, have evaluated
coagulation profiles within the first 24 hours after the onset of
stroke symptoms and before anticoagulant treatment had been
started and found that patients with cardioembolic stroke had
significantly higher D‑dimer concentrations than controls and
patients with transient ischemic attacks. Finally Montaner et
al. (17), in their study covering 707 patients with acute stroke,
have suggested that the plasma markers like Brain Natriuretic
Peptide (BNP) and D‑dimer could be useful in differential
diagnosis of cardioembolic stroke in the acute phase. In our
study on the other hand, patients were grouped as having
ischemic stroke, hemorrhagic stroke, TIA and others and no
statistically significant difference could be found between
these groups regarding coagulation markers.
Lip GY and colleagues in their study of 86 patients
presented with acute stroke in less then 12 hours, have
investigated anomalies of hemorheology (plasma viscosity,
fibrinogen), endothelial dysfunction (von Willebrand factor),
platelet activation (soluble P‑selectin) and thrombogenesis
(plasminogen activator inhibitor and fibrin D‑dimer). They
have found that the von Willebrand factor, plasminogen
activator inhibitor soluble P‑selectin and fibrin D‑dimer
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levels were higher in the acute stroke patients (18). However, in
that study they could not observe any significant difference in
measured indices of hemorheology, endothelial dysfunction
and thrombogenesis between the three stroke types (ischemic,
hemorrhagic or TIA). In our study there was no significant
difference between ischemic, hemorrhagic or TIA groups
regarding D‑dimer values while the difference between TIA
and hemorrhagic group was found significant.
Antovic J and colleagues have investigated some blood
coagulation and fibrinolysis parameters (PT, aPTT, fibrinogen,
active FVII, antithrombin, plasminogen inhibitor (PI) and
fibrin D‑dimer) in 30 patients with ischemic stroke and 30
with hemorrhagic stroke. They have shown that fibrinogen
and D‑dimer levels increased significantly in both types of
stroke (12). Anzej S et al. in a study with young stroke patients,
have reported similarly that fibrinogen, D‑dimer, soluble
P‑selectin and CRP levels were higher than the control group
levels (19). Smith et al. (20), in a study with middle aged male
patients, have reported that the rise in the levels of D‑dimer
and fibrinogen was related with risk in both ischemic stroke
and coronary heart diseases. In our study, fibrinogen level was
high in %65 and D‑dimer was high in 32% of 100 patients.
De Moerloose P and colleagues have suggested by
their article that D‑dimer level increases after ischemic
stroke and TIA, however they stated that this should
be confirmed by new interesting findings like thriving
researches defining the best treatment regime involving
D‑dimer concentration together with clinical findings
and imaging methods (13). In our study, while statistically
significant difference was found in D‑dimer and aPTT
values between the hemorrhagic stroke and TIA group, no
statistically significant difference was detected in coagulation
markers between hemorrhagic and ischemic stroke groups.
Our findings partially support this article.
In a retrospective study (21) of patients with acute cerebral
infarct (CI), Dougu et al. have divided patients into 2 groups
according to their being with or without atrial fibrillation (AF)
prior to or at admission and examined CI rates and D‑dimer
levels. They found CI rate to be 82% in AF group and only
2% in non AF group. They observed significantly higher
D‑dimer levels in non AF patients with CI. In our study,
AF was detected in ECG of 15 patients and 14 of these had
ischemic stroke. Rate of ischemic stroke in AF patients was
93.3% while it was 16.5% in non AF patients. There were 14
patients without AF among 28 patients with ischemic stroke
and D‑dimer levels were high in all of them. Our findings
show similarity to the study mentioned above.
Rallidis LS and colleagues (22) have monitored 231 middle
aged patients with ischemic stroke and found that CRP,
fibrinogen and D‑dimer levels were significantly higher in 15
patients who died during hospitalization than in the survived.
In our study, only 1 of 100 patients died in the emergency
department and the D‑dimer and fibrinogen levels of that
patient were high.
In their study (23), Delgado P et al. have measured initial and
follow‑up (24 hours, 48 hours, 7th day, and 3rd month) D‑dimer
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levels in 21 patients with acute intracerebral hemorrhage.
They have observed that increased plasma D‑dimer level
was associated with early neurologic degeneration and poor
outcome. Similarly, in their study (24), Juvela S et al. have
demonstrated that elevated D‑dimer levels might be useful
in detecting poor prognosis in patients with aneurysmal
subarachnoid hemorrhage. Contrary to the studies mentioned,
Squizzato et al., (25) suggested that D‑dimer marker had
low specificity and sensitivity in acute stroke patients and
therefore would not be useful in determining long term
prognosis. Considered a missing aspect, the relation between
D‑dimer levels and long term prognosis was not examined in
our study.
Ebihara and colleagues (26), in their study with 143 patients
with intracranial hemorrhage, have measured blood levels of
coagulative and fibrinolytic factors and found that patients
with subarachnoid hemorrhage had higher levels than the
patients with hypertensive intracerebral hemorrhage. Thus
they deduced that coagulative/fibrinolytic cascade might
have been activated via different mechanisms in different
types of stroke. In our study D‑dimer and aPTT levels showed
significant difference between hemorrhagic stroke and TIA
group regarding coagulation markers. However a significant
difference between ischemic and hemorrhagic stroke was not
detected.
Woodward et al. (27), in their study covering 591 stroke
patients (83 hemorrhagic, 472 ischemic), has shown that
fibrinogen level was significantly higher in patients with
ischemic stroke. In our study, fibrinogen levels of 65 of 100
patients were high (>3.5 g/L) and of these patients 24.6% had
TIA, 43.1% had ischemic stroke, and 32.3% had hemorrhagic
stroke. However a significant difference of fibrinogen levels
was not detected between ischemic and hemorrhagic stroke
groups.
Acute stroke is a disease with high mortality and morbidity
and its early diagnosis and treatment is important. Ischemic
and hemorrhagic strokes cause hemostatic anomalies besides
accompanying brain damage. From this point of view, some
laboratory testable coagulation markers such as D‑dimer
and fibrinogen might help early diagnosis. In our study, a
difference between hemorrhagic stroke and TIA groups was
observed, while no difference was found between ischemic
and hemorrhagic stroke groups regarding coagulation
markers. Studies employing wider data series are necessary
to assess the clinical value of these markers in differential
diagnosis of ischemic and hemorrhagic strokes.
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